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Abstract: A major justification of environmental management research is that it helps practitioners, yet
previous studies show it is rarely used to inform their decisions. We tested whether conservation practitioners
focusing on bird management were willing to use a synopsis of relevant scientific literature to inform their
management decisions. This allowed us to examine whether the limited use of scientific information in
management is due to a lack of access to the scientific literature or whether it is because practitioners
are either not interested or unable to incorporate the research into their decisions. In on-line surveys, we
asked 92 conservation managers, predominantly from Australia, New Zealand, and the United Kingdom,
to provide opinions on 28 management techniques that could be applied to reduce predation on birds. We
asked their opinions before and after giving them a summary of the literature about the interventions’
effectiveness. We scored the overall effectiveness and certainty of evidence for each intervention through
an expert elicitation process—the Delphi method. We used the effectiveness scores to assess the practition-
ers’ level of understanding and awareness of the literature. On average, each survey participant changed
their likelihood of using 45.7% of the interventions after reading the synopsis of the evidence. They were
more likely to implement effective interventions and avoid ineffective actions, suggesting that their intended
future management strategies may be more successful than current practice. More experienced practitioners
were less likely to change their management practices than those with less experience, even though they were
not more aware of the existing scientific information than less experienced practitioners. The practitioners’
willingness to change their management choices when provided with summarized scientific evidence suggests
that improved accessibility to scientific information would benefit conservation management outcomes.
Keywords: behavior change, bird predation, conservation synopsis, Delphi method, evidence-based conserva-
tion, implementation gap, invasive species, knowledge use
El Efecto de la Evidencia Cient´ıfica sobre las Decisiones de Manejo de Quienes Practican la Conservacio´n Walsh,
Dicks & Sutherland
Resumen: Una justificacio´n mayor de la investigacio´n en el manejo ambiental es que ayuda a quienes lo
practican, aunque estudios previos muestran que rara vez se usa para informar sus decisiones. Probamos si
quienes practican la conservacio´n enfocada en el manejo de aves estaban dispuestos a usar una sinopsis de
literatura cient´ıfica relevante para informar sus decisiones de manejo. Esto permitio´ que examina´ramos si
el uso limitado de informacio´n cient´ıfica en el manejo se debe a una falta de acceso a la literatura cient´ıfica
o si se debe a que quienes practican la conservacio´n no esta´n interesados o no son capaces de incorporar la
investigacio´n a sus decisiones. En encuestas en l´ınea les preguntamos a 92 practicantes de la conservacio´n,
la mayor´ıa de Australia, Nueva Zelanda y el Reino Unido, que nos proporcionaran opiniones sobre 28
te´cnicas de manejo que podr´ıan aplicarse para reducir la depredacio´n de aves. Les pedimos sus opiniones
antes y despue´s de darles un resumen de la literatura sobre la efectividad de las intervenciones. Calificamos
la efectividad general y la certidumbre de la evidencia para cada intervencio´n por medio de un proceso de
extraccio´n por expertos – el me´todo Delphi. Usamos las calificaciones de la efectividad para evaluar el nivel
de entendimiento y de percatacio´n de la literatura de quienes practican la conservacio´n. En promedio, cada
participante de la encuesta cambio´ su probabilidad de usar 45.7% de las intervenciones despue´s de leer la
sinopsis de la evidencia. Fue ma´s probable que implementaran intervenciones efectivas y evitar acciones poco
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efectivas, lo que sugiere que sus estrategias de manejo futuras puedan ser ma´s exitosas que las de pra´ctica
actual. Los practicantes con mayor experiencia tuvieron una menor probabilidad de cambiar sus pra´cticas
de manejo que aquellos con menos experiencia, aunque no estuvieron ma´s conscientes de la informacio´n
cient´ıfica existente que quienes tenı´an menos experiencia. La disponibilidad de los practicantes para cambiar
sus opciones de manejo al proporciona´rseles evidencia cient´ıfica resumida sugiere que el acceso mejorado a
la informacio´n cient´ıfica podr´ıa beneficiar los resultados del manejo de la conservacio´n.
Palabras Clave: cambio conductual, conservacio´n basada en evidencia, depredacio´n de aves, especies invasoras,
falta de datos de implementacio´n, me´todo Delphi, sinopsis de conservacio´n, uso del conocimiento
Introduction
Potential application and benefit to society are core rea-
sons for funding and conducting research. Environmental
managers obtain their information from a wide range of
sources (Cook et al. 2012), though they often rely on
past experience and personal opinion rather than the
scientific literature to inform their decisions (e.g., Pullin
& Knight 2005; Cook et al. 2010; Matzek et al. 2014). Yet
there is growing recognition and concern that research is
rarely used in management and this has led to a science-
practice implementation gap (Knight et al. 2008; Arlettaz
et al. 2010; Esler et al. 2010).
Scientific information may be used rarely because the
research is insufficiently relevant to management deci-
sions (Fazey et al. 2005; Braunisch et al. 2012; Laurance
et al. 2012). Alternatively, practitioners may value sci-
entific evidence (Seavy & Howell 2010; Young & Van
Aarde 2011) but have limited access to it (Sunderland
et al. 2009; Matzek et al. 2014). Practitioners’ access to
scientific information appears to relate directly to the
amount of funding, personnel, and resources available
(Lauber et al. 2011). Cost is the most important factor in
practitioners’ choices of information sources about the
management of invasive species (Bayliss et al. 2011). The
cost of subscriptions to peer-reviewed journals prevents
many practitioners from gaining sufficient access to the
scientific literature, particularly in developing countries
(Sunderland et al. 2009; Fuller et al. 2014). Even if prac-
titioners have access to journals through their organiza-
tion or from colleagues at research institutions, the time
and skills required to search for, read, and synthesize the
primary literature can limit their ability to apply the use-
ful scientific information to their management decisions
(Sutherland et al. 2013).
Providing practitioners with a synopsis, or summary, of
the literature on specific topics may help to improve ac-
cess to scientific information. Synopses act as handbooks
or databases for busy practitioners because they elimi-
nate the need to directly access and digest the primary
literature and enable practitioners to obtain a collated,
independent account of the scientific research (Dicks
et al. 2014). Synopses are used widely by medical prac-
titioners as a source of validated and synthesized scien-
tific evidence (e.g., Clinical Evidence published by the
BritishMedical Journal Group [2014]).We aimed to deter-
mine the extent to which improved access to scientific
information, presented in a synopsis of the literature,
would change management decisions of practitioners
and whether the response would vary among types of
practitioners.
In experiments providing medical practitioners with
easy access to summarized scientific information in differ-
ent formats, clinical decisions improved, either through
confirmation of prior knowledge or a change in prac-
tice. When evidence was easily accessible, junior general
practitioners corrected 23% of their clinical decisions af-
ter conducting literature searches for patient cases and
initiated new treatments or diagnostic tests for another
25% of their cases (Sackett & Straus 1998). After general
physicians were given relevant evidence from a literature
search about specific patients’ treatments, they changed
18% of their decisions (i.e., 1 in 6 patients received a
different treatment) (Lucas et al. 2004). When medical
practitioners were given access to a hand-held device to
obtain rapid, tailored answers to specific clinical ques-
tions from a library search, 63% of their subsequent de-
cisions greatly improved (i.e., 20.1% prescribed a more
effective treatment, 37.3% learned something new that
was applicable to the case, and 5.6% recalled forgotten
knowledge relevant to the case) relative to an improve-
ment of 14.9% of decisions in the control group of prac-
titioners who were not sent information from a library
search when requested (McGowan et al. 2008). Whether
such benefits of increased access to information are true
for other fields, such as conservation, appears unknown.
To test this, we used the Bird Conservation Evidence
Synopsis (Williams et al. 2013), which collates and sum-
marizes scientific studies that quantify the effect of pos-
sible bird conservation interventions. The synopsis is
now publicly available as an on-line database (www.
conservationevidence.com), free electronic document,
or printed book.
We focused on 28 possible management interventions
from the Bird Conservation Synopsis that aimed to reduce
predation of birds by invasive non-native species or prob-
lematic native species. Interventions included controlling
predators, fencing nesting sites, and altering the preda-
tors’ hunting ability or behavior (Williams et al. 2013).
We chose the bird predation section of the synopsis
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Table 1. The 28 interventions used to reduce predation on birds and their scores of effectiveness and certainty of evidence as determined by the
experts’ scores elicited through the Delphi method.
Certainty of
Intervention Effectiveness∗ evidence
Reduce predation by other species
(1) remove or control predators to enhance bird populations and communities 65.5 70.5
(2) reduce predation by translocating predators 27.0 20.0
Predator control on islands
(3) control avian predators on islands 50.0 45.0
(4) control mammalian predators on islands 80.5 77.5
(5) control invasive ants on islands 10.0 15.0
Reduce incidental mortality during predator eradication or control
(6) distribute poison bait in dispensers to reduce incidental mortality 40.0 25.0
(7) use repellent on baits to reduce incidental mortality 10.0 10.0
(8) use colored baits to reduce incidental mortality 19.5 30.0
Reduce nest predation by excluding predators from nests or nesting areas
(9) protect bird nesting areas with nonelectric fencing 45.0 48.0
(10) protect bird nesting areas with electric fencing 60.0 59.0
(11) protect nests with individual exclosures or barriers 50.0 50.0
(12) use artificial nests that discourage predation 59.0 54.0
(13) use multiple barriers to protect nests 7.0 17.0
(14) use snakeskin to deter mammalian nest predators 32.5 15.0
(15) use mirrors to deter nest predators NA 0.0
(16) use naphthalene to deter mammalian predators 0.0 10.0
(17) use ultrasonic devices to deter cats NA 0.0
(18) protect nests from ants 45.0 16.5
(19) guard nests and prevent predation through direct interference 50.0 30.0
(20) use cat curfews (i.e., require pet cats to be indoors at night) to reduce predation NA 0.0
(21) use lion dung to deter domestic cats NA 0.0
(22) play spoken-word radio programs to deter predators NA 0.0
(23) plant nesting cover to reduce nest predation 27.5 29.5
(24) remove perches used by predators (e.g., trees) 22.0 8.0
Reduce mortality by reducing hunting ability or changing predator behavior
(25) use collar-mounted devices to reduce predation 47.5 35.0
(26) use supplementary feeding of predators to reduce predation 12.5 20.0
(27) use aversive conditioning to reduce nest predation 9.0 60.0
(28) reduce predation by translocating nest boxes 47.5 25.0
∗Abbreviation: NA, no evidence was available about the effect of reducing bird predation.
because predator control is a particularly relevant topic
for bird conservation globally. Predation by invasive or
native species has severe and widespread negative im-
pacts on bird populations (Gibbons et al. 2007; Jones
et al. 2008). However, choosing options to control preda-
tors or prevent predation is challenging, especially when
removal of the predator raises conservation or ethical
concerns (Redpath et al. 2004; Oppel et al. 2010).
Methods
Practitioner Survey
In an initial on-line survey (Supporting Information), we
asked conservation practitioners if they had either heard
of or used any of the 28 management interventions that
address the threat of invasive or problematic species prey-
ing on birds of conservation concern (Table 1). We also
asked the participants how much scientific information
they thought existed for each intervention on a scale
of 1 (no evidence) to 5 (excellent scientific knowledge).
From this question,we calculated their overall awareness-
of-evidence score based on their average level of prior
knowledge of the scientific information across all inter-
ventions relative to the actual existing amount of relevant
literature in the Bird Conservation Synopsis (Supporting
Information).
Once practitioners had completed the initial survey,
we sent them a second on-line survey, which they were
asked to complete while reading the section on bird pre-
dation in the unpublished Bird Conservation Synopsis
(Williams et al. 2013). In the second survey (Supporting
Information), we asked participants if they were more
or less likely to use each intervention after having read
the evidence in the synopsis (5-point scale: much less
likely, less likely, neither more nor less likely, more likely,
much more likely). Practitioners could also indicate do
not know and not relevant if the intervention was not
relevant to their conservation problem (e.g., controlling
invasive ants on islands is not relevant to a practitioner on
the mainland); these cases were excluded from the anal-
ysis. The question about the likelihood of changing their
Conservation Biology
Volume 00, No. 0, 2014
4 Summarized Evidence Changes Management
management examined whether practitioners found the
information in the synopsis useful and whether the ev-
idence provided would influence their future conserva-
tion management decisions.
Conservation practitioners who had been involved in
the planning or implementation of an intervention to re-
duce predation on birds within the past 5 years were
eligible to complete the survey. We used opportunistic
snowball sampling and aimed to obtain a sample of el-
igible practitioners from different types of organization
and with varying levels of experience from a wide range
of countries. The limitations of snowball sampling pre-
vented us from estimating how representative our sample
was of the targeted population of practitioners working
to reduce bird predation. We could not accurately deter-
mine the response rate because we were unable to track
how many eligible people received the survey. Hence,
we were cautious about making generalized statements
about the wider conservation practitioner community
from the results of this study.
Expert Elicitation Process
The Delphi method is an expert elicitation process that
entails asking a panel of experts to provide an estimate,
score, or opinion for a question with an unknown or
uncertain answer and then to revise and update their
own estimate after seeing the results of other anonymous
panel members in subsequent rounds of scoring (Rowe
& Wright 2011). We used the Delphi method to quan-
tify the effectiveness and certainty of evidence of each
intervention used to reduce bird predation in 3 rounds
of on-line scoring.
In the first round of scoring, we asked experts to give
each intervention a score of its effectiveness at reduc-
ing predation of birds (from −10 if detrimental to +100
if highly effective), based on the evidence in the Bird
Conservation Synopsis, and a score of the certainty of
the evidence on its effectiveness (0 to +100), which was
determined by the quantity and quality of the evidence
in the synopsis. We also asked the experts to provide a
justification for their scores. Theywere given instructions
on how to score the interventions and an explanation of
the Delphi process (Supporting Information).
In both the second and third rounds of scoring, panel
members were given the anonymous scores of effective-
ness and certainty of evidence as well as comments of
other experts from the previous round and were asked to
reassess their own scores, once again providing a reason
for changing or keeping their score. The median of the
experts’ final scores from the third round formed each
intervention’s overall measure of effectiveness and cer-
tainty of evidence. These data were used as explanatory
variables to test if practitioners interpreted the evidence
correctly and whether providing the evidence improved
management decisions.
We followed recommendations from recent reviews
and critiques of the Delphi method to ensure the process
was rigorous and achieved the most accurate estimates
for each variable (Supporting Information). We invited
people to be on the expert panel who had extensive
experience in either bird predation research or man-
agement, based on their publication record or personal
contacts. Ten of the 12 invited experts participated in
the Delphi process and completed all 3 rounds (except
for one expert who missed the second round of scoring).
Details about the reduction in variation of scores between
rounds are provided in Supporting Information. The 5
interventions for which no evidence was available were
automatically given a score of unknown effectiveness, a
certainty of evidence score of 0, and were not included
in the Delphi process.
Practitioners’ Likelihood of Using the Evidence
To determine if practitioners were interpreting the evi-
dence correctly, we fitted 2 log-linear models between
the direction of a practitioner’s likelihood of using an
intervention in the future (i.e., more likely, no change,
less likely, or do not know) and the interventions’ ef-
fectiveness and certainty of evidence. For this analysis,
we converted the effectiveness and certainty of evidence
scores into categorical variables with the quartiles as cut-
off points for each category.
To identify the types of practitioners who were more
willing to use the evidence provided in the synopsis
to inform their management decisions, we modeled the
practitioners’ likelihood of changing their opinion about
a management intervention after reading the evidence
(change or no change) with a generalized linear mixed
model with a binomial error distribution and logit link
function. The full model included the practitioners’ past
exposure to the interventions (not heard of, heard of, and
used), their prior knowledge of the scientific literature
for each intervention, the number of years experience
they have in the conservation field, their role as an ad-
visor or manager, the type of organization they work
for (government agency, nongovernmental organization,
and other), the region where they work (Australia, New
Zealand, United Kingdom, and other countries), and the
effectiveness and certainty of evidence of interventions.
The full model also included 5 relevant 2-way interac-
tions between 4 of the explanatory variables: practi-
tioners’ prior knowledge of literature about an interven-
tion, their past exposure to an intervention, their experi-
ence, and the effectiveness of interventions. Practitioner
and intervention were included as random effects. We
tested continuous variables for normality with diagnostic
plots prior to modeling, though no transformations were
required. We excluded interventions that had no evi-
dence available or that participants had selected as not
relevant in the second survey, leaving 1050 data points
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Table 2. Demographic characteristics of conservation practitioners (n = 92) surveyed across type of organization, role as a conservation practi-
tioner, and region of work.
Number of
Variable respondents %
Organization national government organization 24 0.26
state government organization 10 0.11
local government organization 0 0.00
nongovernmental organization—international 4 0.04
nongovernmental organization—national 27 0.29
nongovernmental organization—local 11 0.12
university or research institution 9 0.10
business or consulting firm 6 0.07
individual 1 0.01
Role managing 47 0.51
advising 30 0.33
both 4 0.04
other 11 0.12
Region∗ New Zealand 22 0.24
Australia 21 0.23
United Kingdom 20 0.22
United States 8 0.09
Canada 3 0.03
other – Asia and Pacific 9 0.10
other – Europe 4 0.04
other – Africa 3 0.03
other – South America and Caribbean 2 0.02
∗Countries with 1 or 2 participants were combined into larger geographical regions.
from 92 practitioners and 23 interventions. Models with
an Akaike information criterion (AIC) value within 2 from
themodel with the lowest AIC value were considered the
best-fittingmodels (Burnham&Anderson 2002).We used
the lmer function in the lme4 package from the program
R, version 2.15.1 (R Development Core Team 2005).
Results
We received 112 complete and 4 partial responses from
eligible practitioners for the initial survey and 90 com-
pleted and 2 partial responses for the second survey
(80.5% response rate for the second survey). We in-
cluded data from partial responses in the analyses where
possible. Conservation practitioners from 26 countries,
mainly the United Kingdom, New Zealand, and Australia,
and from a diverse range of organizations participated
in the study (Table 2). The participants’ experience in
the conservation field ranged from 1 to over 45 years
(mean 18.5 years).
On average, practitioners had heard of 57.1% of the
possible 28 interventions used to reduce predation of
birds by invasive or problematic species (min = 14.3%,
max = 100.0%) and had previously implemented 18.5%
of the listed interventions (min = 3.6%, max = 64.3%).
There was a positive significant relationship between the
effectiveness of an intervention and the proportion of
practitioners who had used the intervention (quasibino-
mial logistic regression, β = 0.035, SE 0.009, t = 3.647,
P = 0.002, df 21). A similar relationship was found be-
tween the certainty of evidence for each intervention and
the proportion of practitioners who had used it (quasibi-
nomial logistic regression, β = 0.040, SE 0.008, t= 5.239,
P < 0.001, df 26).
On average, practitioners changed their opinions on
45.7% of the listed interventions after reading the ev-
idence summarized in the Bird Conservation Synopsis.
That is, they were willing to use the summary of the
literature to override their previous judgments in light
of the newly available evidence for almost half of the
interventions. Over 90% of all practitioners indicated they
would change their use of at least one intervention (85 of
92 participants). The majority of the other practitioners
who were not influenced by the evidence were already
using, on average, 79% of the effective interventions (i.e.,
those with an effectiveness score in the upper quartile;
effectiveness >48) and had no reason to change their
existing practices. Of the practitioners who were more
likely or much more likely to use an intervention, over
three-quarters on average had not previously used that in-
tervention, indicating these were true changes of intent,
rather than strengthening of support for their existing
management practices.
After reading the evidence, respondents said they
would be more likely to use those interventions that
were effective at reducing bird predation and less likely
to use interventions that were ineffective or for which
there was no evidence of their effectiveness (Fig. 1: log-
linear model with Poisson distribution, residual deviance
Conservation Biology
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Figure 1. Proportion of practitioners more likely, less likely, or neither more nor less likely to use an intervention
after reading the Bird Conservation Synopsis, ordered by ascending effectiveness of the intervention. Codes for
interventions are defined in Table 1.
= 253.8, p < 0.001, df 12). There was a similar associa-
tion between an intervention’s certainty of evidence and
the likelihood of a practitioner using it after reading the
evidence (log-linear model, residual deviance = 178.8,
P < 0.001, df 9). Effectiveness and certainty of ev-
idence for interventions were significantly correlated
(Spearman’s rank correlation coefficient, ρ = 0.829, P
< 5.15×10−8, n = 23). These results show that the prac-
titioners were able to accurately interpret the content
and quality of the evidence provided in the synopsis.
Practitioners with more experience in the conserva-
tion field were significantly less likely to change their
mind about interventions (Fig. 2, Table 3: models 1 & 2).
The practitioners’ past exposure to interventionswas also
in one of the 2 best-fitting models explaining the likeli-
hood of practitioners changing their management actions
after reading the evidence (Table 3: model 2). This model
showed a significant interaction between practitioner’s
experience and their past exposure to the intervention;
the trend between experience and likelihood of changing
was the opposite for practitioners who had previously
not heard of or used the intervention. Practitioners with
more experience who had not heard of an intervention
were muchmore likely to change their management than
practitioners with less experience who were unfamiliar
with the intervention. We suspect this is an artifact of the
low frequency of records in this category, given thatmore
experienced practitioners had already heard of most in-
terventions and that most of these records were excluded
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Figure 2. Proportion of management interventions
that each practitioner changed their likelihood of
using relative to the practitioner’s level of experience
in the conservation field (plotted using parameter
estimates from model 1 [Table 3]).
from the analysis because ofmissing data about their prior
knowledge of the existing scientific information.
To understand the importance of practitioners’ expe-
rience in their likelihood of changing their management
strategies, we investigated this relationship further. Ei-
ther practitioners with more experience acquired a large
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Figure 3. The relationship between practitioners’
number of years of experience in the conservation
field and (a) their average awareness of the scientific
information prior to reading the evidence (1.0, perfect
knowledge of the extent of research for all intervent-
ions; 0.0, no knowledge of the extent of research for
any intervention) (linear regression, β = −0.002, SE
0.001, t = −1.683, P = 0.096, df 90) and (b) the propo-
rtion of interventions they used prior to reading the
synopsis (quasibinomial logistic regression, β =
0.033, SE 0.011, t = −2.966, p = 0.004, df 90).
knowledge base through past reading, practice, or intu-
ition so that the content in the evidence we provided
was not new or the practitioners did not take account of
what the evidence suggested, even if it contradicted their
existing knowledge and past management practices. We
tested each of these hypotheses by assessing the rela-
tionship between the practitioners’ experience and their
level of awareness of the evidence prior to the study.
Practitionerswithmore years of experience in the conser-
vation field were not more aware of the existing scientific
information prior to reading the synopsis of literature;
in fact, the relationship was negative, but not signifi-
cantly so (Fig. 3a). More experienced practitioners had
also used a greater proportion of interventions than less
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experienced practitioners before reading the synopsis
(Fig. 3b).
Discussion
Importance of Access to Scientific Information
One reason for conservation science to be funded and
conducted is so that it can be used by practitioners.
Though in practice, practitioners are unable to access
most of the literature because the majority of studies are
published in journals requiring subscriptions (Pullin &
Knight 2005; Matzek et al. 2014). The evidence provided
in the Bird Conservation Synopsis is not new because all
the summarized studies were published elsewhere and
in theory should have been accessible to practitioners
beforehand. However, our results show that by improv-
ing respondents’ access to scientific evidence by provid-
ing them with this information in an easily accessible,
clearly summarized format, they are likely to use it to
inform and change almost half of their environmental
management decisions. This finding is important because
it suggests that practitioners find evidence about the
effectiveness of interventions useful and relevant, that
most are willing to use it, and that access to this infor-
mation is one of the main barriers to research utilization
in conservation.
We also showed that Conservation Evidence Synopses
are an effectiveway to provide conservation practitioners
with a free, easily accessible source of scientific informa-
tion and could help to overcome the difficulties of finding
the best available evidence in time- and resource-limited
situations. The practitioners’ willingness to change indi-
cates the Bird Synopsis and the underlying research pro-
vided them with relevant, useful information to support
their decisions. The synopsis of evidence may also have
confirmed practitioners’ prior knowledge, contributed
wider general knowledge valuable for future decisions, or
given support for current management practices. These
are all possible indicators of evidence use we did not
capture in this study.
Evidence for an Evidence-Based Conservation Approach
Our results show the value of improving practitioners’
access to synopses of scientific research and the benefits
of using evidence in their decision making. Many practi-
tioners in the study whowere more likely to use effective
interventions had not previously used them, demonstrat-
ing the potential for genuine changes in conservation
management as a result of easily accessible summaries of
evidence. For example, by simply providing summaries
of the studies that tested the effectiveness of using arti-
ficial nests that discourage predation (intervention 12),
47% of all practitioners in this study said they would
be more likely to use them in the future; 78% of these
had not previously used them. With limited access to
summarized scientific information, practitioners may re-
main unaware of the most suitable and effective manage-
ment options and be limited in their capacity to make
effective decisions.
Influence of Evidence on Practitioners
Despite practitioners expressing a desire to change on
average 46% of their management actions when given
the existing evidence in a useable format, in the majority
of occasions the participants stayed with their current
management. The most likely explanation for this is that
their existingmeans of collating information and deciding
upon effective solutions was sufficient. The major reason
for survey participants not to change their management
preferences was that they were already using the effec-
tive interventions. For example, 69% of the practitioners
who did not change their likelihood of using the most ef-
fective management intervention (i.e., controlling mam-
malian predators on islands, intervention 4: Table 1) had
previously implemented it. This is also supported by the
significant positive relationships between the proportion
of practitioners who had previously used an intervention
and its effectiveness and certainty of evidence. Thus,
although we found that providing evidence improved
decision making, we also found that existing approaches,
such as use of experience and expert opinion, do
partly work.
Participants with more experience were less likely to
change their practices and continue with their current
management strategies (Fig. 2). They had similar (or per-
haps even lower) levels of awareness of the existing
scientific evidence relative to less experienced practi-
tioners (Fig. 3a), which suggests they had not read the
literature, and may have successfully identified effective
management techniques through experience (e.g., trial
and error) (Fig. 3b) and advice from colleagues. However,
the effectiveness and efficiency of management actions
may be reduced ifmore experienced practitioners tend to
rely on outdated information and are reluctant to take on
new evidence. In contrast, Young and Van Aarde (2011)
found that South African practitioners with intermediate
levels of experience (7–20 years experience) working
on elephant management are less likely to use scien-
tific information for applied management decisions than
practitioners with more experience who are more likely
to incorporate science into their decisions. This finding
mirrors a trend observed in the uptake of evidence-based
practice in the medical field (Smith & Rennie 2014).
A new generation of practitioners with scientific lit-
eracy skills and possibly a deeper appreciation for the
use of scientific research in management may resolve this
research utilization gap, as a result of the recent emphasis
on graduate education and training for conservation
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professionals (Duchelle et al. 2009; Courter 2012). Multi-
faceted training courses in the medical field on evidence-
based practices increase the use of scientific information
in practice and improve treatment outcomes (Straus et
al. 2005); thus, professional development and continued
education for practitioners may be one way to reduce
stagnant information flow in conservation (Shanley &
Lopez 2009; Cook et al. 2013).
Practitioners who participated in this study may have
been unwilling to change when the evidence for an in-
tervention was sparse, conflicting, or not applicable to
their specific context. They may not have changed their
opinions about interventions because of other factors,
such as an intervention’s practicality, cost, or political, in-
stitutional, and cultural values that need to be considered
alongside the scientific research when making decisions.
For these reasons, better access to scientific evidence is
important to improve management decisions, but alone
it may not be sufficient to increase its use in practice, as
demonstrated in the medical literature (Baker et al. 2010;
Zwolsman et al. 2012).
Defining the Use of Evidence and Other Caveats
Our results should be considered in light of several lim-
itations. We measured people’s intentions of changing
their behavior as a result of access to summaries of sci-
entific evidence, rather than observing actual changes.
Attitudes and intentions may not always reflect behavior
(Ajzen 2005), and the participants’ initial responses to the
evidence may not lead to changed management actions.
However, willingness to change is an important step in
knowledge uptake; thus, it is a valid indicator for potential
behavior change (Nutley et al. 2007).
The majority of the survey participants came from En-
glish speaking developed countries, where most of the
research on evidence-based conservation has been con-
ducted (e.g., Pullin & Knight 2005; Cook et al. 2012;
Ewen et al. 2013). We do not know if these results re-
flect practitioners’ willingness to use synopses of scien-
tific information from less developed countries, though
there are several factors that could influence their up-
take of the evidence. Conservation managers in these
countries tend to have poorer access to the scientific
literature than those in developed nations (Sunderland
et al. 2009; Gossa et al. 2014). The inherent bias in
the published conservation literature and in data toward
northern hemisphere regions and temperate conserva-
tion issues should also be accounted for because this
information may have little relevance to the problems
faced in the “global south” (Karlsson et al. 2007; Amano
& Sutherland 2013). However, given the fewer resources
available and lower scientific literacy rates in less devel-
oped countries relative to the practitioners sampled in
this study (Sunderland et al. 2009), it is possible that
these practitioners may be even more willing to use the
evidence provided in free summaries of literature rather
than the primary literature. Further research focusing on
conservation practitioners in these regions is needed to
better understand their information needs and current
use of scientific information (but see Gossa et al. 2014).
Wewere unable to remove potential biases in the types
of practitioners who responded to our surveys due to
the snowball-sampling design and because we relied on
a small sample of self-selected participants. The survey
may present an overestimate of the proportion of practi-
tioners who would change their management strategies
because practitioners who are skeptical of science and
reluctant to use research would be less likely to com-
plete the survey. As with any on-line survey, ours was
restricted to people with good access to the Internet and
time available to participate. The Hawthorne effect (i.e.,
participant responses are influenced by the knowledge
that they are being studied) was unavoidable. Because
of this, participants may have indicated a change in their
likelihood of using interventions only to satisfy or impress
the researchers.
Improving Access to Scientific Information
Our results suggest it is worthwhile to improve access to
scientific information for conservation practitioners. This
access could be improved through open access publica-
tion (Fuller et al. 2014), greater financial and organiza-
tional support for science communication and knowl-
edge exchange programs, and the collation and synthesis
of scientific evidence.
Summarizing and evaluating research findings in clear,
concise, relevant, and freely accessible packages over-
come the problems of physical availability of the litera-
ture and reduces the time and skills practitioners need
to digest the information. Several initiatives exist for this
purpose, including the Conservation Evidence Synopses
and systematic reviews (Collaboration for Environmental
Evidence, www.environmentalevidence.org). These sys-
tematic methods of collating scientific evidence have suc-
cessfully revolutionized clinical medical practice (Sackett
et al. 1996), and similar efforts in the environmental sec-
tor may also be equally influential.
Acknowledgments
We thank the survey participants and the expert panel for
participating in the Delphi method: F. Burns, Y. Carmel,
M. Clout, G. Hilton, S. Roy, R. Smith, J. Szabo, B. Tershy,
D. Thompson, and S. Warrington. We also thank T.
Carranza, Y. Lin, and J. Ochoa-Quintero for commenting
on survey development, T. Amano for statistical advice,
D. Williams for use of the Bird Conservation Synopsis,
Conservation Biology
Volume 00, No. 0, 2014
10 Summarized Evidence Changes Management
and 3 anonymous reviewers. J.C.W. is funded by the
Cambridge Commonwealth Trust and the U.K. Com-
monwealth Scholarship Commission. W.J.S. is funded by
Arcadia, and L.V.D. is funded by the Natural Environment
Research Council, United Kingdom (NE/K015419/1).
This study was approved by the Cambridge Psychology
Research Ethics Committee, approval number 2011.71.
Supporting Information
A description of the Bird Conservation Synopsis (Ap-
pendix S1), the questions from the on-line surveys
(Appendix S2), additional details of methods (Appendix
S3), and instructions given to the expert panel (Appendix
S4) are available on-line. The authors are solely respon-
sible for the content and functionality of this material.
Queries (other than absence of the material) should be
directed to the corresponding author.
Literature Cited
Ajzen, I. (Ed.). 2005. From intentions to actions. Attitudes, personal-
ity and behavior. 2nd edition. Open University Press, Maidenhead,
United Kingdom.
Amano, T., and W. J. Sutherland. 2013. Four barriers to the global
understanding of biodiversity conservation: wealth, language, geo-
graphical location and security. Proceedings of the Royal Society B:
Biological Sciences 280:20122649.
Arlettaz, R., M. Schaub, J. Fournier, T. S. Reichlin, A. Sierro, J. E. M. Wat-
son, and V. Braunisch. 2010. From publications to public actions:
when conservation biologists bridge the gap between research and
implementation. BioScience 60:835–842.
Baker, R., J. Camosso-Stefinovic, C. Gillies, E. J. Shaw, F. Cheater, S. Flot-
torp, and N. Robertson. 2010. Tailored interventions to overcome
identified barriers to change: effects on professional practice and
health care outcomes. The Cochrane Library 3:1–78.
Bayliss, H. R., A. Wilcox, G. B. Stewart, and N. P. Randall. 2011. Does
research information meet the needs of stakeholders? Exploring evi-
dence selection in the global invasive species community. Evidence
and Policy 8:37–56.
Braunisch, V., R. Home, J. Pellet, and R. Arlettaz. 2012. Conservation sci-
ence relevant to action: a research agenda identified and prioritized
by practitioners. Biological Conservation 153:201–210.
British Medical Journal Group. 2014. Learn, teach and prac-
tise evidence-based medicine. Clinical Evidence. Available from
http://clinicalevidence.bmj.com/x/index.html (accessed January
2014).
Burnham, K. P., and D. R. Anderson. 2002. Model selection and mul-
timodel inference: a practical information-theoretic approach. 2nd
edition. Springer, New York.
Cook, C. N., R. W. B. Carter, R. A. Fuller, and M. Hockings. 2012.
Managers considermultiple lines of evidence important for biodiver-
sity management decisions. Journal of Environmental Management
113:341–346.
Cook, C. N., M. Hockings, and R. W. Carter. 2010. Conservation in
the dark? The information used to support management decisions.
Frontiers in Ecology and the Environment 8:181–186.
Cook, C. N., M. B. Mascia, M. W. Schwartz, H. P. Possingham, and
R. A. Fuller. 2013. Achieving conservation science that bridges the
knowledge-action boundary. Conservation Biology 27:669–678.
Courter, J. R. 2012. Graduate students in conservation biology: bridging
the research–implementation gap. Journal for Nature Conservation
20:62–64.
Dicks, L. V., I. Hodge, N. P. Randall, J. P. W. Scharlemann, G. M. Siri-
wardena, H. G. Smith, R. K. Smith, and W. J. Sutherland. 2014. A
transparent process for “evidence-informed” policy making. Con-
servation Letters 7:119–125.
Duchelle, A. E., K. Biedenweg, C. Lucas, A. Virapongse, J. Rada-
chowsky, D. J. Wojcik, M. Londres, W. Bartels, D. Alvira, and
K. A. Kainer. 2009. Graduate students and knowledge exchange
with local stakeholders: possibilities and preparation. Biotropica
41:578–585.
Esler, K. J., H. Prozesky, G. P. Sharma, and M. McGeoch. 2010. How
wide is the “knowing-doing” gap in invasion biology? Biological
Invasions 12:4065–4075.
Ewen, J. G., L. Adams, and R. Renwick. 2013. New Zealand Species
Recovery Groups and their role in evidence-based conservation.
Journal of Applied Ecology 50:281–285.
Fazey, I., J. Fischer, and D. B. Lindenmayer. 2005. What do conservation
biologists publish? Biological Conservation 124:63–73.
Fuller, R. A., J. R. Lee, and J. E. M. Watson. 2014. Achieving open access
to conservation science. Conservation Biology 28:in press.
Gibbons, D., et al. 2007. The predation of wild birds in the UK: a review
of its conservation impact and management. RSPB Research Report
no 23. 56 pp. Sandy.
Gossa, C., M. Fisher, and E. J. Milner-Gulland. 2014. The research–
implementation gap: how practitioners and researchers from de-
veloping countries perceive the role of peer-reviewed literature in
conservation science. Oryx 48:in press.
Jones, H. P., B. R. Tershy, E. S. Zavaleta, D. A. Croll, B. S. Keitt, M.
E. Finkelstein, and G. R. Howald. 2008. Severity of the effects of
invasive rats on seabirds: a global review. Conservation Biology
22:16–26.
Karlsson, S., T. Srebotnjak, and P. Gonzales. 2007. Understanding the
North–South knowledge divide and its implications for policy: a
quantitative analysis of the generation of scientific knowledge in the
environmental sciences. Environmental Science & Policy 10:668–
684.
Knight, A. T., R. M. Cowling, M. Rouget, A. Balmford, A. T. Lombard,
and B. M. Campbell. 2008. Knowing but not doing: selecting priority
conservation areas and the research-implementation gap. Conserva-
tion Biology 22:610–617.
Lauber, T. B., R. C. Stedman, D. J. Decker, and B. A. Knuth. 2011. Linking
knowledge to action in collaborative conservation. Conservation
Biology 25:1186–1194.
Laurance, W. F., H. Koster, M. Grooten, A. B. Anderson, P. A. Zuidema,
S. Zwick, R. J. Zagt, A. J. Lynam, M. Linkie, and N. P. R. Anten.
2012. Making conservation research more relevant for conservation
practitioners. Biological Conservation 153:164–168.
Lucas, B. P., A. T. Evans, B. M. Reilly, Y. V. Khodakov, K. Peru-
mal, L. G. Rohr, J. A. Akamah, T. M. Alausa, C. A. Smith, and J.
P. Smith. 2004. The impact of evidence on physicians’ inpatient
treatment decisions. Journal of General Internal Medicine 19:402–
409.
Matzek, V., J. Covino, J. L. Funk, and M. Saunders. 2014. Closing
the knowing-doing gap in invasive plant management: accessibility
and interdisciplinarity of scientific research. Conservation Letters
7:208–215.
McGowan, J., W. Hogg, C. Campbell, and M. Rowan. 2008. Just-
in-time information improved decision-making in primary care:
a randomized controlled trial. PLoS ONE 3 DOI: 10.1371/jour-
nal.pone.0003785.
Nutley, S., I. Walter, and H. Davies (Eds.). 2007. What does it mean to
“use” research evidence? Using evidence: how research can inform
public services. The Policy Press, Bristol, United Kingdom.
Oppel, S., B. M. Beaven, M. Bolton, J. Vickery, and T. W. Bodey. 2010.
Eradication of invasive mammals on islands inhabited by humans
and domestic animals. Conservation Biology 25:232–240.
Pullin, A. S., and T. M. Knight. 2005. Assessing conservation manage-
ment’s evidence base: a survey of management-plan compilers in
Conservation Biology
Volume 00, No. 0, 2014
Walsh et al. 11
the United Kingdom and Australia. Conservation Biology 19:1989–
1996.
R Development Core Team. 2005. R: a language and environment for
statistical computing. R Foundation for Statistical Computing, Vi-
enna, Austria.
Redpath, S. M., B. E. Arroyo, F. M. Leckie, P. Bacon, N. Bayfield, R. J.
Gutierrez, and S. J. Thirgood. 2004. Using decision modeling with
stakeholders to reduce human-wildlife conflict: a raptor-grouse case
study. Conservation Biology 18:350–359.
Rowe,G., andG.Wright. 2011. TheDelphi technique: past, present, and
future prospects—introduction to the special issue. Technological
Forecasting and Social Change 78:1487–1490.
Sackett, D. L., W. M. Rosenberg, J. M. Gray, R. B. Haynes, and W. S.
Richardson. 1996. Evidence based medicine: what it is and what it
isn’t. British Medical Journal 312:71–72.
Sackett, D. L., and S. E. Straus. 1998. Finding and applying evidence
during clinical rounds: the “evidence cart”. Journal of the American
Medical Association 280:1336–1338.
Seavy, N. E., and C. A. Howell. 2010. How can we improve information
delivery to support conservation and restoration decisions? Biodi-
versity and Conservation 19:1261–1267.
Shanley, P., and C. Lopez. 2009. Out of the loop: why research rarely
reaches policymakers and the public andwhat can be done. Biotrop-
ica 41:535–544.
Smith, R., and D. Rennie. 2014. Evidence-based medicine—an oral his-
tory. Journal of the American Medical Association 311:365–367.
Straus, S. E., C. Ball, N. Balcombe, J. Sheldon, and F. A. McAlister. 2005.
Teaching evidence-based medicine skills can change practice in a
community hospital. Journal of General Internal Medicine 20:340–
343.
Sunderland, T., J. Sunderland-Groves, P. Shanley, and B. Campbell. 2009.
Bridging the gap: How can information access and exchange be-
tween conservation biologists and field practitioners be improved
for better conservation outcomes? Biotropica 41:549–554.
Sutherland, W. J., D. Spiegelhalter, and M. A. Burgman. 2013. Pol-
icy: twenty tips for interpreting scientific claims. Nature 503:335–
337.
Williams, D. R., R. G. Pople, D. A. Showler, L. V Dicks, M. F. Child,
E. K. H. J. zu Ermgassen, and W. J. Sutherland. 2013. Bird con-
servation: global evidence for the effects of interventions. Syn-
opses of Conservation Evidence Series. Pelagic Publishing, Exeter,
United Kingdom.
Young, K. D. D., and R. J. Van Aarde. 2011. Science and elephant
management decisions in South Africa. Biological Conservation
144:876–885.
Zwolsman, S., E. te Pas, L. Hooft, M. W. Waard, and N. van Dijk. 2012.
Barriers to GPs’ use of evidence-based medicine: a systematic re-
view. British Journal of General Practice July:e511–521.
Conservation Biology
Volume 00, No. 0, 2014
